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The main goal of functional genomics is to understand how the organism’s 
genotype is expressed as its phenotype. Since mutations can interfere with 
cellular processes, induced mutations are key probes for understanding gene 


function. 
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Forward and reverse genetics 
approaches are used to determine the 
function of genes. 

While forward genetics refers to the 
identification and characterization of the 
gene that is responsible for the mutant 
phenotype, the goal of reverse genetics 
is to examine the effect of induced 
mutationor altered expression of a 
particular gene and to understand the 
gene function (Ahringer, 2006) (Fig. 1). 

The aim of this article is to review 
the methods and approaches of reverse 
and forward genetics, as well as to 
review online tools and progress in this 
field of genetic studies. 


Reverse Genetics 


Gene silencing and homologous 
recombination are two commonly used 
approaches used for targeted gene 
mutation, in contrast to non-targeted 


disruptions of genes achieved by 
transposon mediated and chemical 
mutagenesis. (fig.2) For such a model 
plant as Arabidopsis, T-DNA insertion 
mutants have been produced and are 
available for researchers(Krysan et al., 
1999). It should be noted that 
transpositions are not completely 
random(Krysan et al., 2002) and thus 
mutation of all genes is not guaranteed. 
However the mutants are a valuable 
research tools for understanding the 
function of the gene. The required T- 
DNA insertion mutant can usually be 
ordered and detailed phenotypic 
analysis performed. 

Below we present an overview of 
two novel approaches of reverse 
genetics: 1) targeted gene silencing by 
RNA interference and 2) TILLING 
(Targeting Induced Local Lesions in 
Genomes) - a recently developed reverse 
genetics technique. 
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Figure1. The difference between forward and reverse genetic 
techniques is the starting point: the phenotype or the gene 
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Figure 2. Approaches of reverse genetics 


Targeted gene silencing 


Gene silencing by RNA interference 
(RNAi) is one of the most exciting 
breakthrough of the past decade in 
functional genomics and promises to be 
a very useful instrument for therapeutic 
gene silencing. 

The phenomenon of RNAi was first 
discovered during experiments 
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associated with changes in pigmentation 
in the petunia plants. Introducing extra 
copies of a pigment biosynthesis gene 
did not increase the color intensity in 
the flower as was expected, but the 
flowers became less colorful than the 
wild flowers (de Lange et al., 1995; 
Hannon, 2002; Bushman, 2003; 
Foubister, 2003). The term RNAi was 
first introduced after Andrew Fire and 
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Craig C. Mello discovered that injection 


of dsRNA into the nematode worm 
Caenorhabditis eleganscause the 
specific silencing of genes highly 


homologous to the supplied sequence 
(Fire et al., 1998; Elbashir et al., 2001). 
Double-stranded RNA (dsRNA) 
triggers the RNAi process and can be 
endogenous or exogenously introduced 
into the cells(Shuey et al., 2002).The 
basis of the RNAi process, production of 
the functionally similar endogenously 
produced siRNAs, is quite similar in 
many organisms and the enzymes 
required for this process show high inter 
species homology . Processing of dsRNA 
precursors into small interfering RNAs 
(siRNAs) is mediated by special dsRNA- 
specific RNase-III-type endonucleases, 
known as Dicer. This results in 
formation of 21-25 nucleotide double 
stranded RNA duplexes with symmetric 
2-3 nucleotide 3’ overhangs, which are 
called small interfering RN- siRNA.The 
siRNAs are afterwards incorporated into 
the RNA-induced silencing complex 
(RISC), where an RNA helicase unwinds 


the inactive double-stranded siRNA, 
converting it to an active single- 
stranded form (Nykanen et al., 2001; 
Hannon, 2002; Plasterk, 2002). 


Nevertheless only one strand, known as 
the guide strand is stabilized in RISC 
complex, while the passenger siRNA 
strand is degraded. (Gregory RI., et al., 
2005). An active RISC complex uses the 
guide siRNA to find and destroy the 
complementary sequence of mRNA, 
causing in turn gene silencing (Bushman 
F, 2003: 49, Nykanen A., et al., 2001). 

In plants in contrast to other 
organisms miRNA have perfect or near 
perfect complementarity to their 
targets(Axtell et al., 2011). Thus plant 
siRNAs are easily designed. 


TILLING (Targeting Induced Local 
Lesions in Genomes) 


Generation of mutated lines by 
transposons, T-DNA or RNA interference 
is technically difficult in some 
organisms.The difficulty comes due to 
the lack of an efficient transformation 
system and due to the large genome for 
some organisms like barley (Bennett and 


Smith, 1976, Ahringer, 2006, Chavvade 
et al., 2010). One way to increase 
variation in the breeding process would 
be to use radiation or chemical 
mutagens such as EMS (ethyl 
methanesulfonate). The mutagenic 
substance EMS preferentially alkylates 
guanine bases. The resulting O-6-ethyl 
guanine paired with cytosine is misread 
by the DNA-replicating polymerase 
which insertsa thymine residue instead 
of a cytosine residue. This results in G-C 
base-pairs (bps) being mutated to A-T 
(Hoffmann, 1980). Mutations in coding 
regions can be silent, missense or 
nonsense and mutations in non-coding 
promoter or intron regions can resultin 
up- or down-regulation of transcription 
(Rose and Beliakoff, 2000). TILLING 
(Targeting Induced Local Lesions in 
Genomes) is a recently developed 
reverse genetics technique, based on 
the use of a mismatch-specific 
endonuclease (Cell), which finds 
mutations in a target gene containing 
aheteroduplex formation (Henikoff et al., 
2004; Gilchrist et al., 2006; Chawade et 
al., 2010). If the mutation frequency is 
high and the population size large 
enough, mutated alleles of most, if not 
all, genes will be present in the 
population. The technique involves PCR 
amplification of the target gene using 
fluorescently labeled primers, formation 
of DNA heteroduplex between wild type 
and mutant alleles (PCR products, 
corresponding to the mutant and wild 
type alleles are heated and then slowly 
cooled), followed by endonuclease 
digestion specifically cleaving at the site 
of an EMS induced mismatch. The sizes 
of the amplicon cleavage fragments are 
often analyzed by a Li-COR (McCallum 
CM, 2000 ) or MALDI-TOF (Matrix- 
assisted laser desorption/ionization- 
time-of-flight mass spectrometer) 
(Chawade et al., 2010) system. It is 
possible to apply TILLING to genetically 
complicated crops, such as wheat for 
example (Slade et al., 2005). 

One of the greatest benefits of the 
TILLING approach is that it does not 
involve genetic manipulations, that 
results in Genetically Modified 
Organisms (GMO), which are not legal 
for agricultural applications in many 
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countries. 
Forward genetics 


The aim of forward genetics is to 
determine the genetic basis of observed 
phenotypic variation. To generate 
random mutations in an organism, 
various approaches are exploited for 
example X-rays, ultraviolet irradiation 
and chemical treatment. These gene 
disruptions are followed by selection of 
aberrant phenotypes, associated with 
various traits, such as high-yield, early 
maturity, lodging resistance, disease 
resistance, drought tolerance, cold 
tolerance, toxic metal resistance, etc. 
After mutants are identified, they need 
to be classified. The aim is to gather 
mutants into complementation groups 
by using allelism tests. Such groups of 
multiple independent mutant alleles can 
efficiently be used to validate a 
candidate gene. 

One example of such collection is 
the Scandinavian barley mutant 
collection. The generation of this 
collection has started in 1928 by the 
Swedish geneticists Hermann Nilsson- 
Ehle and Ake Gustafsson. In the mid 
1930-ies, the first viable mutations were 
observed and notable among them 
arehigh-yielding, early maturity, dense 
spike, tillering capacity, stravv-stiffness, 
seed-size and mutants useful for 
understanding basic agronomically 
important traits such as photosynthetic 
capacity and protective outer barrier 
formation(Lundqvist, 2005).In this way 
the barley mutants became very 
important for breeding-improved 
varieties and for subsequent genetic 
studies. 


Genetic mapping 


The goal of genetic mapping is to 
identify the locus of the gene 
responsible for the trait of interest. The 
first step in all mapping studies is to find 
markers that are linked vvith the trait. 
Physical linkage will lead to co- 
inheritance of markers, while 
recombination events will break these 
associations. The next steps are to 
develop appropriate mapping 
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populations; screen parents for marker 
polymorphism and genotype mapping 


population. Afterwards a linkage 
analysis is performed to find out 
recombination frequencies between 


markers which in turn lead to the fine 
mapping of the location of the gene of 
interest. 

If the genome of the plant of interest 
is not fully sequenced, the synteny 
between physical and genetic maps of 
closely related plants, with sequenced 
genome enables the assessment of the 
gene content at the fine mapped locus. 
The following databases and their online 
genome browsers and blast search 
capabilities are essential for these 
syntenic studies: 

e NCBI:http://www.ncbi.nlm.nih.gov 

e Phytozome: comparative 

genomics of plants. 

http://www.phytozome.net/ 

e PlantGDB: plant genome 

database: http://mips.helmholtz- 


muenchen.de/plant/genomes.jsp 


Expression analyses with microarray 


DNA microarray is one of the most 
efficient methods for gene expression 
analysis (Gregory et al, 2008; 
Morohashi et al., 2009,Park et al., 2004; 
Petersen et al., 2005, Schena et al., 
1995,Zhu et al., 2012). It was further 
shown that microarray is a very 
promising technology for identification 
of genes in transcription deficient 
mutants (Zakhrabekova S, 2002; 
Zakhrabekova et al., 2007). The 
approach of using phenotypically similar 
mutants minimizes the number of 
candidate genes for sequencing, due to 
the reduction of genes vvhich are 
secondarily affected by the mutation. 
Both cDNA and Affymetrix microarray 
platforms are able to successfully 
pinpoint the gene which is down- or up- 
regulated due to induced or naturally 
occurred mutation events. 

It was also shown that nonsense- 
mediated mRNA decay in barley 
mutants expands the number of mutants 
that can be used for gene identification 
by the microarray approach(Gadjieva et 
al., 2004). 

Useful data base for gene expression 
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studies; 
e PLEXdb (Plant Expression 
Database) is a unified gene 


expression resource for plants and 


plant pathogens: 
http://www.plexdb.org/ 
e Planet is a gene expression 


database for the plants: barley, rice, 


wheat, Arabidopsis, Medicago, 
poplar and soybean based on 
Affymetrix contigs: 


http://aranet.mpimp-golm.mpg.de/ 
Different microarrays technologies: 

e Affymetrix: 
http://www.affymetrix.com/estore/ 

e Agilent: 
http://www.genomics.agilent.com/Ge 
nericB.aspx? 
PageType=Custom&SubPageType= 
Custom&PageID=2011 


Candidate gene approach 


This approach is appropriate for 
plants where mutant collections, 
represented by multiple independent 
mutant alleles are available. 

The major difficulty with this 
approach is that in order to choose a 


potential candidate gene for the 
mutation, researchers must already 
have an understanding of the 


mechanisms underlying the phenotypic 
disorder. Very good “educated guesses” 
can be done if a study of similar mutants 
has been performed in another related 
plant and the corresponding orthologous 
gene has been identified. Then this gene 
can be a potential candidate for the 
mutation in the investigated plant and 
the principle proof that this candidate 
gene is responsible for the observed 
phenotype is coming from comparative 
sequence analysis of all available mutant 
alleles in the particular locus 
(Zakhrabekova et al., 2012). 

Alternative methods which can be 
used to hunt a gene responsible for a 
mutant phenotype. 

The RNA-seq method is also called 


"Whole Transcriptome Shotgun 
Sequencing" ("WTSS") (Morin et al., 
2008). This is a high-throughput 


sequencing technologies to sequence 
cDNA in order to get information about 
the RNA content in the cells. Since 


converting RNA into cDNA by using 
reverse transcriptase might introduce 
mutations, single-molecule direct RNA 
sequencing technology has been 
developed. The sequences of all RNA in 
the mutant are then compared with the 
wild-type indicate mutant candidates. 
This method also requires a number of 
different mutant alleles to give a reliable 
answer (Ozsolak and Milos, 2011). 

Exome sequencing is a powerful 
method to selectively sequence the 
coding regions of the genome as a less 
costly alternative to whole genome 
sequencing (Ng et al. 2009). This 
method can be combined with target- 
enrichment strategies, which give 
possibility to selectively capture 
genomic regions of interest from a DNA 
sample prior to sequencing (Basiardes 
et al., 2005). 

Identification of mutations by this 
method requires as well as in RNA-seq a 
number of different mutant alleles to 
give a trust worthy answer. 
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ÖyYHKIHOHAJIbHbIÄ TeHomukc, IIpampie Vİ OOpatrupie [TeneTH4uecKkHe 
Honxornbı Mna Onpenenenua Baxuprx QTL B PacreHHsiX 


C.M. 3axpa6ekoBa.), C. Toyx/, JI. Jann, M. XəHcCOH" 


1 T/la6opaTopHs Kapvıcöepra, /laHHsı 
? Orgel KneTOUHOH H MON€KYy/IIDHOH ÖHOHTOTHH, YHHBEDCHTE€T İ eTeHÖOopra, IlIBeunsi 


OcHOBHas H€Tib İy HKHHOHaTBHOTO TEHOMHKCa B TOM, UTOOBI MNOHATb, KaK TeCHOTHII 


ODTaHHS3Ma BbIpaxkaeTCA B ero 


þenotana. 
IIPCMATCTBOBATb KJICETOUHBIM THİpOHeCCaM, 


ITlockonbkKy MyTaHHH MOTYT 
HHHyHHpOBaHHBI€ MYyTaHHH ABMAIOTCA 


KJIFOUCBbIM 3OHHOM DJIA HOHHMaHH3 İDyHKHHH T€Ha. 


KUrroueBbie CJIOBa: doy HKHHOHA/IBHBIH TEHOMHKC, HD4Mas TeHeTHKa, 


oöpaTHası 
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TEHETHKa, QIL 
Funksional Genomiks Və Bitkilərdə Əhəmiyyətli QTL-leri 
Müəyyən Ftmək Üçün Birbaşa və Əksinə Genetik Yanaşmalar 
Ş.M. Zəhrabəyova", S. Qoux", L.Lundh”, M.Hansson" 


‘Carlsberg laboratoriyası, Danimarka 
?Goteborg Universiteti, Hüceyrə və molekulyar biologiya şöbəsi, İsveç 


Funksional genomiksin əsas vəzifəsi orqanizmin genotipinin öz fenotipində ifadə 
olunma formasının aydınlaşdırılmasıdır. Mutasiyalar hüceyrədəki proseslərə müdaxilə 
edə bildiyi üçün, genin funksiyasını bilmək üçün induksiya olunmuş mutasiyalar üçün 
açar rolunu oynayır. 


Açar sözlər: funksional genomiks, düzünə genetika, əksinə genetika, QTL 
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